AT the present time, eleven years after the conclusion of the European war, there are 16,000 ex-Service men receiving pensions on account of so-called functional heart disease, and this fact appears to me ample justification for laying stress on the importance of a careful scrutiny of the cardiovascular system as a whole, prior to entry to the Service. The problem is not merely the elimination of organic heart disease but the equally important decision as to whether the heart is likely to withstand the acute physical and mental stress inseparable from modern war, and it is the purpose of this paper to discuss some of the means at our disposal to secure this end.
In the first place, I propose to deal with certain points of value in routine clinical examination, then to deal with the differential diagnosis of doubtful valve-lesion heart cases, and lastly to discuss how far it is possible, by simple and rapid methods, to estimate the degree of cardiovascular stability an individual possesses, i.e., his likelihood of withstanding physical or mental stress without his cardiovascular system, as a whole, showing objective or subjective deterioration.
Clinical Examination. (a) Inspection.-A minute or two spent on careful examination of the chest in a good light is never wasted. Pulsation of the vessels of the neck, the presence or absence of thyroid enlargement, the general musculature of the shoulder, back and abdomen, spinal curvatures, if any, and malformations of the chest itself, particularly in the heart region, should be noted, as well as the character and position of the apex-beat, and the presence or absence of epigastric pulsation-in a normal well-developed young adult it should be absent. The inner aspect of both arms should be scrutinized for visible pulsation of the brachial arteries, bearing in mind in this connection that arteriosclerosis can occur with comparative frequency in the young adult and not solely in middle age or later.
(b) Palpation.-The palm of the hand should invariably be used for palpation of the heart as a whole, to determine the presence of thrills, if any, and the character of the apex-beat prior to its more exact localization by the forefinger, bearing in mind that this is the point lowest down and farthest out which definitely lifts the finger. If in doubt as to whether it is in the fifth or sixth space, find the ridge oin the sternum formed by junction of the manubrium and gladiolus. The second space is immediately below this. An apex-beat in the sixth space is no evidence per se that the heart is enlarged.
If epigastric pulsation is present and palpable, it may be due to two fundamentally different causes, viz., cardiac or aortic. If due to transmitted aortic pulsation, it can be felt along the length of the abdominal aorta, and if timed with the apex-beat, is found to be delayed. Suprasterual pulsation is also a common accompaniment of the condition, which is generally of neurotic origin and usually associated with cardiovascular instability.
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If epigastric pulsation appears to be of cardiac origin, a good method is to stand behind the patient and place the fingers of the left hand over the upper part of the left costal margin. If the beart can be felt beating downwards and inwards against the fingers, it is suggestive of right ventricular enlargement.
Examination of the brachial arteries gives a far better idea of whether thickening is present or not, than does examination of the radials. Not only can a larger portion of the circumference be felt, but the fingers can be run up and down the vessel to determine whether thickening, if present, is uniform or irregular. It is as well to ask the patient whether he is rightor left-handed, as early arteriosclerosis may be found only in the right arm in a right-sided individual and vice versa. Volume and tension should be notedl at the same time.
(c) Percussion.-May be of value as regards determining the size of the heart in a thin individual, but it is, at best, an unreliable and misleading sign in well-covered or emphysematous patients. An apex-beat definitely seen and felt internal to the nipple line in the fifth space, in an otherwise normal chest, is far stronger evidence of the probable absence of cardiac enlargement than a problematical dullness to the right border of the sternum is of its presence. When the apex-beat can be neither seen nor felt, recourse to the X-rays becomes essential before enlargement can be definitely negatived. The orthodiagraph is of the greatest value for accurate work in this connection. In this apparatus the X-ray tube is freely movable in any direction parallel to the screen. The one in use at the Central Medical Establishment has a single lever controlling the tube movements and diaphragm. After a quick look at the chest as a whole, the aperture is cut down to 1-2 square inches, and the outline of the heart and chest marked with a glass pencil on the screen, and a permanent record is then made on to translucent paper. By this means the very considerable distortion caused by the nearness of the tube to the chest is avoided, and once the technique is mastered, the margin of error is within 5 mm.
The size and height of the aortic arch, as well as the size of both auricles and ventricles, can be quickly and accurately determined by placing the patient in the right and left oblique positions. The apparatus is not at all costly, and is of great value in the accurate estimation of the cardiac area. This can be estimated from the drawn outline of the heart by the planimeter, or more simply by taking the maximum transverse diameter of the heart, which should be less than half that of the chest.
The variation in size and shape of clinically normal hearts is considerable, and as a general rule, individuals with a history of heavy physical work or continued athletics have larger hearts relative to the chest size than those of sedentary workers. This, after all, is only to be expected if the myocardium shares in the general increased musculature in these individuals. There is no direct evidence that physical stress alone is capable of causing damage to a healthy myocardium. [Here orthodiagraphs were shown illustrating various types of normal heart.] (1) Arrhythmias.-The stethoscope is the best means of studying alterations in rhythm, as by this means beats are detected which might not otherwise be noticed at the wrist. Sinus arrhythmia is usually of no significance, and nearly always disappears on exercise, but if extremely marked, the rate can actually double with respiration, and such cases are nearly always associated with other signs of cardiovascular instability. Extrasystoles are evidence of irritability in the myocardium, and may be auricular, ectopic auricular, nodal, or right and left ventricular. They occur most frequently in the left lateral position, and their diagnosis is usually easy by the compensatory pause that follows them, but occasionally numerous extrasystoles may be almost indistinguishable from auricular fibrillation. Not long ago I saw a case in which various doctors had made notes of marked irregularitv for over ten years. It had been variously described as sinus arrhythmia," "extrasystoles," or merely "irregular heart," but, on electrocardiographic examination, the heart was found to be fibrillating. The officer in question had played sixteen sets of tennis the day before I saw him, had no cardiac enlargement and was in perfect health. Right ventricular extrasystoles are possibly the commoner form met with in the young adult, and are probably extracardiac in origin, e.g., from pressure from a dilated stomach. They are relatively more frequent after a meal than before it. Auricular and nodal extrasystoles are often found associated with over-smoking. When extrasystoles disappear on exercise, as they usually do, they can be safely disregarded in an otherwise normal heart, but if exercise increases them they should be regarded with suspicion, especially if they are auricular, as this variety is a common percursor of auricular fibrillation. There is only one method of satisfactorily diagnosing a doubtful arrhythmia, and that is by the electrocardiogram, and the following records show various types of extrasystoles, both appearing and disappearing on exertion. [Here electrocardiographs of various types of extrasystoles at rest and developing under physical stress were shown on the epidiascope.]
(2) Heart Sounds.-Reduplicated heart sounds are extremely common in the young adult. A reduplicated first sound can be distinguished at the apex in well over 50% of young adult hearts. The terms "blurred," "impure " or "prefixed " first sounds are often applied to this condition. This variety of reduplication usually goes in the left lateral position. A reduplicated second sound is not so common in the standing posture but can frequently be heard in the left lateral position after exercise. A triple rhythm is also of comparatively frequent occurrence at the apex in this posture, without necessarily having any clinical significance per se. Widening of reduplicated sounds after exercise, especially when associated, as is frequently the case, with a poor quality first sound, a tic-tac rhythm, an increased pulmonary second sound or a triple rhythm at the apex, is suggestive of myocardial mischief.
This condition frequently occurs after acute infections such as diphtheria, tonsillitis and influenza, and can, I think, be reasonably regarded as evidence that the myocardium has shared in the general toxeamia. The pulse is not necessarily raised and the condition is often missed on that account. In the absence of severe cardiac stress, it is rare for the heart to receive permanent damage, and recovery of myocardial tone is usually a matter of a few weeks, but I feel sure that many cases of gross myocardial damage discoverable in later life, date from some acute infection, followed too soon by severe physical stress.
(3) AMurmurs.-One of the most difficult problems we have to face is the differential diagnosis of a reduplicated first sound at the apex, and the presystolic murnmur of a suspected mitral stenosis. A reduplicated first sound can produce a very good imitation thrill at the apex, especially when the first element is soft and the second short and sharp, and on auscultation it can be equally deceiving. Points of value in distinguishing the two conditions are:
(A) In favour of reduplication: (1) the absence of a rheumatic history; (2) a normal-sized heart; (3) absence of an accentuated pulmonary second sound; (4) reduplicated first is heard best over a large area of the heart and often clearest at the tricuspid area; (5) it is apt to disappear in the left lateral position or at any rate alter in spacing; (6) a big pulse-pressure.
(B) In favour of mitral stenosis: (1) rheumatic history;
(2) evidence of cardiac enlargement;
(3) the presystolic murmur increases on exercise and in left lateral position; (4) second pulmonary sound usually accentuated; (5) the murmur is accentuated after exercise and the left lateral position and is usually localized just internal to the apex-beat ; (6) the pulse-pressure is always small ; (7) pulse volume is small.
A closely reduplicated second sound whose second element is softer than the first can also closely simulate a short aortic diastolic murmur, and if associated, as it quite easily can be, with a big pulse-pressure, a collapsing pulse, and capillary pulsation, all of which may be present, in the absence of an aortic lesion, it may often present equal difficulties in diagnosis. Although a high pulse-pressure of 80 or over is usually present in aortic regurgitation, the systolic is rarely over 140, and a bloodpressure of 170/90 is nearly as much evidence against it as a blood-pressure of 130/50 is in favour of it. A difference of up to 20 mm. between the leg and arm systolic pressures may be found normally, the leg being the higher of the two, but a leg pressure of 40 mm. or more higher than the arm is strongly in favour of aortic regurgitation.
There is little doubt that in the past undue importance has often been attached to apical systolic murmurs and there must be a large number of perfectly normal individuals who have been diagnosed as having valvular disease of the heart, whereas in practice there is nothing whatever the matter with it. Apical systolic murmurs after exercise in the left lateral position can be detected in at least half the normal young adult hearts examined; in the absence of other corroborative signs of mitral regurgitation they have probably no pathological significance. In the young adult there is to all practical purposes only one cause of acquired valvular disease, namely rheumatic infection of the heart, and if this could be safely excluded, the assumption that organic valvular disease was absent could be safely made in the great majority of cases. Unfortunately, not only can rheumatic infection occur apart from the joints, but the heart can be the sole site of the lesion. The fact remains that we should bechary of diagnosing organic mitral regurgitation in the absence of the supporting evidence. Slight relative mitral incompetence undoubtedly occurs, after other acute infections than rheumatism, due to the stretching of the mitral orifice as a part of the general myocardial atonia, but it has a strong tendency to disappear as the system as a whole throws off the effect of the tox&emia and returns to normality.
I do not wish to imply that a loud systolic murmur partially or actually replacing the first sound, constant in all positions, and conducted out to the axilla, canbe disregarded. It cannot; but soft apical systolic murmur accompanying the first sound and varying with position or respiration, in an otherwise normal heart, is of slight, if any, significance. Other systolic murmurs, apart from those of congenital heart disease, are too numerous to specify in detail, but two in particular are worth noting in the young adult: the aortic systolic so often accompanying hyperpiesia, whether organic or functional, and the curious, scratchy, superficial murmur, so often heard in apparently perfectly normal hearts over the tricuspid area. This murmur is often to-and-fro in character. Dr. Strickland Goodall first drew my attention to it, and he suggests that there may be some connection between it and the milk-white patches in the pericardium so often found post-mortem in this region.
Its comparative frequency in otherwise normal hearts would appear to rob it of any serious clinical significance.
Having ruled out organic disease, the estimation of the degree of stability of the cardiovascular system as a whole has then to be considered. There are many methods employed, centring chiefly on the effects of varying degrees of exercise on the blood-pressure, excellent in themselves, but having the fundamental disadvantage that the time occupied in their performance is too long. Those with which I propose to deal to-day are in routine use at the Central Medical Board in the examination for flying fitness, and while admittedly they are by no means perfect, they have the great advantage of simplicity, easy technique, standardization, and above all; speed.
(1) Pulse Response Test.-After the steady sitting pulse has been counted, the patient stands up, and the immediate rise in rate is noted. A second standing pulse 684 10 11 War Section 685 is taken as soon as the rate steadies again. The patient then puts one foot on a chair and stands upon it five times in fifteen seconds. The rate is then taken, and the time taken to return to the second standing pulse noted. The pulse is counted throughout in five-second intervals. A good response is: sitting pulse 72 per minute; standing pulse 84 and 72; after exercise 96; return to 72 in fifteen seconds. The sitting pulse alone, even if reasonably slow, is no criterion of fitness, as a sudden rise from 72 to 108 or 120 on standing is significant of splanchnic pooling. On the other hand, a sitting pulse of 96 which remains unaltered on standing and rises to 108 after exercise, shows relatively a higher degree of stability of the two. Physiological bradyeardias, even as low as 48 per minute, are generally evidence of a high degree of cardiovascular stability. Their relative frequency in athletes, particularly in those indulging in long sustained effort such as cross-country work and rowing, has been frequently ascribed-often erroneously I think-to the effects of training. They are, in my opinion, constitutional, and such individuals have found from experience that they are capable of a higher degree of sustained physical stress than the average. The average pulse of officers selected for permanent commissions in the Royal Air Force, as a result of their flying efficiency, is rarely above 72 and usually below, and practically all the well-known civil pilots have varying degrees of bradyeardia, usually about 60 per miDute, and training is not as a rule a factor in these cases.
Tachycardias may be purely transient, as a result of the excitement of thie examination, and if the pulse comes down to say 84 per minute during it, and the rate after exercise to 120 per minute, it can probably be safely ignored in the absence of other signs of cardiovascular instability. Persistent rates of 96 or over, especially if accompanied by slight pyrexia up to 1000, are usually psychoneurotic in origin and rarely improve on re-examination.
(2) Blood-pressure. The dial type of instrument tends to be unreliable, and requires frequent checking against the mercury-column type to ensure accuracy. A simple U-tube manometer with a large bore has been in standard use for many years in the Royal Air Force. Recently an American instrument known as the Baumanometer has come on the market, and it incorporates the broad-gauge tube. Estimations of systolic pressure alone rob the method of half its value. The technique of accurate reading of the diastolic with the stethoscope is difficult and requires considerable practice, but a very useful " tip" in this connection, devised by Group-Captain Flack, is to instruct the patient to tell one, as the mercury level is just below his systolic pressure and is falling, the instant he no longer feels the throbbing of the pulse in his arm. This point is the diastolic pressure. Three readings should always be taken and the pressure dropped between them, as a patient will frequently show a systolic pressure of 150 or over at the first reading which will come down to 140, or even 120, at the second or third reading. Such blood-pressures are purely emotional. The pressure should always be increased from 50 to 60 mm. above the point at which the beat is inaudible, as a blank area is occasionally met with above and below which the pulse can be heard, and gross errors may be made from time to time if this precaution is neglected. The normal blood-pressure of a healthy adult under 40 varies as a rule between 110 and 140 systolic and 65 and 85 diastolic. The pulse-pressure, i.e., the difference between the two, varies between 40 and 50. Small pulse-pressures in the normal individual, even down to 25 mm., are a most valuable sign of cardiovascular stability, and are usually associated with a slow pulse. The significance of pulse-pressure over 60 is a complex subject, but briefly, its significance depends on the relative heights of the accompanying systolic and diastolic pressures. A case of blood-pressure of say 125/55 nearly always shows otber signs of cardiovascular instability, and has a small "fainting" margin. In three cases of this type at the Central Medical Establishment, the patients fainted during the test, and in each case a fall of 10-15 mm. was noted in the diastolic pressure. A blood-pressure of 150/80, especially in the late " teens," is usually temporary and emotional, and is of small significance per se. A blood-pressure of 160190, particularly if it remains relatively constant on further readings, is suggestive of an organic basis, and indicates the need for further investigation such as renal efficiency estimation.
It has been found at the Central Medical Establishment that rotation in a chair ten times in twenty seconds, the blood-pressure being taken immediately before and after, reveals the fact that the stable individual's blood-pressure does not change materially, that faintness and nausea accompany a fall in an already low diastolic, and giddiness a rise in a high diastolic. An increased pulse-pressure of over 10 mm. is unsatisfactory. The importance of this test in relation to flying is obvious. The type which shows no appreciable alteration usually has the slow pulse and small pulse-pressure previously referred to as signifying the presence of a stable cardiovascular system. The commonest factors in the production of an acquired high diastolic are focal sepsis-particularly from the teeth-and over-indulgence in alcohol.
(3) The 40-mm. test, as used in the Royal Air Force, consists of blowing a column of mercury to 40 mm. and holding it there as long as possible, The pulse is counted throughout in 5-second intervals. The duration of the test in the fit individual is over 60 seconds, and no appreciable alteration in the pulse should occur during the test. The many abnormal reactions that may occur, and their relative significance, render it impossible to discuss them in the short time left, but some electrocardiograms selected from a series taken before, during, and after the test illustrate some of the reactions met with. [Epidiascope illustrations.] The conclusion arrived at then is that the characteristics of a stable cardiovascular system are a slow pulse, with a relatively slight increase on exertion, frequently a bradycardia, and a small pulse-pressure which again tends to remain relatively constant cn exertion. What are the other factors found associated with it ? First and foremost comes a stable nervous system, and a family history free from insanity or psychoneuroses. These individuals also have a power of quick recovery from illness not shared by the world at large. The type of case which takes weeks to recover from a severe cold or an attack of influenza rarely presents the abovementioned characteristics.
Growth is a further factor of profound importance. The elaborate readjustment of the general body metabolism at puberty is a serious strain on the cardiovascular stability as a whole, and if this is followed by sudden rapid growth within the next year or two, it is rare to find no signs of its effects in the cardiovascular system generally. The tall, overgrown youth is rarely as physically fit as one of average size. Allowance can reasonably be made for this, as the same degree of stability cannot be expected after a recent burst of rapid growth. Slight enlargement of the thyroid is frequently found in these cases, and its significance can reasonably be regarded as less than it would be in a smaller individual whose system has not been required to bear the same degree of strain.
Lastly, a brief consideration of the reverse side of the picture, namely the functionally inefficient heart. It is met with usually in those of poor physique and of a nervous temperament. The family history frequently reveals the presence of psychoneurosis, and the nervous system is unstable. Enlargement of the thyroid is often found but is not constant enough to justify it as being regarded as one of the prime factors in the case. A history of rheumatism is occasionally obtained, possibly because it has left a legacy of concealed myocardial damage behind it. Acute illnesses and focal sepsis probably play a part in its production, but the most important underlying factor of the condition seems to be a constitutional one. The essential quality necessary to the successful athlete or airman-namely, an inherited tendency to a high degree of cardiovascular stability-is lacking in these individuals, and rapid growth in their " teens," acute illness, and severe physical or mental stress, all tend to act as trigger-causes in the production of that clinical picture so well known throughout the Services as disordered action of the heart.
Discussion.-Dr. STRICKLAND GOODALL suggested that a more suitable title for the paper would have been " Cardiovascular Efficiency "-as a good deal of it was devoted to investigations of vasomotor reactions. Personally, he considered this the most important part of the communication, as in all probability an efficient vasomotor system was of more vital necessity in the Air Force than a " super heart," because the rapid change in altitude, position, emotion, etc., essential to flying, demanded rapid and perfect vasomotor adjustment. He regarded the pulse, 40 mm., and rotation tests as of supreme importance, and hoped later on to make a contribution on the 40 mm. test, which he regarded very largely as a test of right heart efficiency. He emphasized the importance of respiratory suction in an efficient venous return and in right heart filling, and entirely agreed with Wing-Commander Treadgold as to the relative importance of palpation and percussion. He pointed out that the only real sign of left ventricular hypertrophy was a heaving apex beathe contrasted the apex beat in toxic, hypertrophied and normal hearts, and pointed out the value and importance of palpating the suprasternal notch. He agreed that the orthodiagramii was valuable, especially in connection with the great vessels, but very much doubted if one could always identify different parts of the shadow. The importance of auscultating all cases in three positions could not be overstated. He had done this as routine practice for over twenty years. In auscultating the aortic valve, three areas should be examined, the aortic base, pulmonary base and xiphoid. He was surprised to hear that 50% of Air Force recruits had a reduplicated first sound in the left lateral positionthis was certainly a much higher percentage than occurred in gas works recruits. In his experience a definite canter rhythm was usually the first sign of myocardial infection or cardio-renal failure. He thought that probably the case of the young girl throwing multiple extrasystoles was one of toxic myocarditis. He would look with grave suspicion on any case that coupled the right heart with strain (40 mni. test).
Fleet-Surgeon W. E. HOME said that the Section might like to hear of a curious fact in medical history of which he had recently become aware.
He had previously always believed that the " effort syndrome" was a scientific advance due entirely to research during the war, and quite unknown before, and all his friends were of the same opinion. He had, however, found it described in Boerhaave's Lectures on Physic (London, 1747), vol. vi, p. 127. Boerhaave wrote (as translated and published after his death): " They who buy slaves count their pulse and respirations in a given time, and then order them to run. If now they find the respiration and pulse not much altered by that violent motion, they know that they are of a strong habit of body, but the more weak and morbid the slighter causes will alter the pulse, and those who are in a declining way towards death have their pulse twice or thrice as frequent as it ought to be when they exercise the body. This experiment is tried by the officers appointed to purchase soldiers for our Dutch colonies in the East Indies."
